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If biochemical stibstrates and HChanisas couo. o« 
identlfiaa, pfog«s» miqht be Bade in the detection and re BCdi^tion 
of .certain .learning aad oeBory disabilities. «ieior]f transfer" or 
f»beha.»ioai.bioassaf" ■ethodology is a- new "tjpchnigue deTelpped 
this purposfe. It' uses the behavior" recipient aniials to* detect 
11 h at eT'er c helicals are synthesized in the brains of ^ donor animals 
dttring learning. This dMrnaent is a research repo^ t^hirch atteBpis to 
delineate the linits t€^ which the bioassay lay tioTCitablj be e'xteffded 
fey stttdying its behavioral specificity. la four MpeiiBents, it shows 
that ttie behaTioral bioassay effect is stiinlns speGlfic, respdnse 
specific, process specific, an4 "tap* stecific* Strong support is 
pEotrided for the portion that the infprBatlon contreyed "wi a brain 
extracts is guite specific and not generally facilitating or 
deptesai^ r as certain critids have arfluea, Besults ^indicate the 
appropriateness of the lethod for the stuay of iBportant learAp-ng' and' 
meBory phenomena.. I biblipgraphy is ptctided for reference, / ' 
Ciuthor/GA) , i 
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.If MochamleRi aaustrata^^ could Tse Idenflflfed, /■ ] 

process might made In t^e dateat^on and remedlatlen bf oertaln s 
iearnln^ and mempi^ dl teehnlque which has heen 

' deyetoped fpr^e In this bl^hemleal quest Is th# "jnemo^ trarmfer" 

or' •■behavioral bloassay'V methddolo^ whlohTfm^^M' extenale^^af the 
biologloal ^says whloh have played lmpDrtan,t roles In' the Msoovery 
and study/ of maj^ff Moohemla^ systems (hormones, vltajnlns^ netffo*' 
' , transmitters),,;, hehavlor^ bloaasay uses tlhe baha^or ^qf/reaipl- 

ant animals ^o^^ detect whatever ahemlaals toe sjmthasl^ed In t^ha ^alns 
ef donor wn%mlm dwlng learning *^ The j^esejit rasaarah/attem;^e to ^ 
V tfie llmlts^>to ^Ich the bloasBay m^ prafl^aMy be ^axtand- 

ad by^ studying Its i^ehav^oral specificity. In- tow^ wptelmahts,vit 
Was showir that th^#' baha^oral bloassay effaat 1& stlmid.us spfccftlc ^ 
(aan^^B spaolf^^ inf owiatlon about the partl^ilaf ctfes usad In donor . 
tralAng)| resj^ise specific (beha^oral^autput coding Is spaalf Id i 
rae4 plants ma^ the same responses tha donoM would have made)! pro- ^ 
c^s spaalf^^^( protases wlthlA tha' sajne tMfc,rtf.gt i acquisition^ Md 
ixtlnction^^ransfer Indapandantly and spa^olflcally), and tapk stjacl* 
flc (braln^axtracts from donors "tralhed on one task facllltata laajm- \ 
Ing of :^olpietits in (Afferent tMfts' as a fimdtlon of thalr similarity 
to tha original,, donor tasH). Strong support Is provided for tha 
/portion that the laformat^on cpnvayed via brain extracts. Is quite 
spaciflo and not.^ genersdly facilitating or dapressingp as oartaln 
crltleB havafargued* Results Indicate the app^oprlatenaas af the 
method for the ^ study of Important Idetmlng and memory phenomana. 4 ' 
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Intrd^etlbn . 

A d^tnLl' p^pMem In edudatien bmantiii the bioeheiileiQ. basis 
of learning and memory^ Ifi blbahsmi^J. suMintm and f echulsmi aduld' 
W idantif ledp pro^Ms iii|ht7be ude In tha det^flon tad Mmediatlon 
ot antMii learning and memMy fi[0abllitlei» Gvl^l^ls aoeumLLatlng f 
iihieti InCTMsln^y suggests the^lm^rtanae of /bloehoml^iJ. Md netatolla 
errim In mental retardation (e.g., KOT), When the faiity MohMleras 
are tmdte^tp^i the ohemlMl deflqlenolas nay bfi octa^ dietary 
or oth^ neMais^d the retwdation may be prevent@d» It Is qidte - " - 
likely that aertain learning <ULsabllltles ud nemo^ ^/&ttentio^ da- ' 
flalenales .have metabolla bases. The resettah described herein hopf- 
fully will aid In a more re^d \mderstanWng of not bnly nowai but ab* 
norm^ bloahemla^ sybstrates Involved In aertaln typM of learning and 
memory « If nonial meahanlsma are :wdwstood| faii^ty yioahemlaal p[;o- / 
oesses miy be dlsaovnedt opentog tha possiblll^ of oWreeblng:.meta^ 
bolla defeats and residtlqg In InapeasM iii iMrntag iwd iemory ablilty;. 
Ways might also be foimd to inarease even nraral lea^jjag ud memjory^^ 
funatlras In bloahemlaal ways» MOTe spealfieallyp i the .researah pro^E^ 
desarlbed herein delineates the; limits to uhlah we^v may* *pafof ItaMy ex- 
tend bloahemieal theories of learning .Md memoiry by determining e»atly 
the limits pf aodjjig possibilities In whlah envtewmentU. events we 
ahemlaally spealfled. ' - V ' 

Aa exalting new tealmlque which haa been developed for use In the 
quest for bloahemlaai substrates of learning and aembry Is the so-poalled. 
"mem©^ transfer" or "behavloria' bloM^ay" mlithodolo^* This methodology 
represents an extension of the blologlaal assays .whlah have pl^ed Im- ^ 
portMt roles In the discover and study of majw bloahemlaal systems, 
being iised whenever a ahemlcid proaess was sus peat ed but- the nature of^ ; 
the substanae involved was either untoioim ot Inaaaesslbli to the ahem- - 
laal or i^ysiaal means of deteatlon available at the tlmii* Bloaasays 
were usefiU in the disaoveiy of the hormones, 'sdtamlns, and nemotrans- 
mltters. Similarly, 'bloaasay teahnlques, would be expeated to be useful 
in the deteatlon of chemiotfLa BnA chemlaiQ. systems Involved in attention, 
ieMnlngf and memory. % ' 

Whereas the traditional bioassi^ teahnlque em^oys a ^yslologlaal 
indicant of the presence of a sus^ated ohemlaal ,(e^g« , contraatldn of 
a smooth rausple preparatlmi) a the behavioral' bioassay procedure Involves 
"meaaurement of the overt behavlfar pf an intaat living organlsm« Here, 
information aommunlaated to donor animus resxits in the appearanae of 
new behavior • When the new ^ttern Is .aonsolidatedf the brains of the 
trained ajnlmals bxb removed and an extract of ;fchese brains Is administer- 
ed to naive recipient animals » If the brain extritat aontalns the infor- 
mation in a ahemlaiJ. code, the recipients should exhibit behavior simil- 
ar to that of the donors without ever having received the original In- 
fdrmatlon In a direct , experiential way. It thpm beaonies ]^sslble to 
us^^^^is behavior as mi assay to guide th0 sueaesslve ste;^ of Identlfl-/ 
aailoni purification, wid synthesis of the aatlve su'^tmce or substwiaes 
The ahemlciJ.s Involved In different kinds of learning and memo^ then 
may be delineated, Radloactively labeled foa^s of th^pse ahemicals may 
be traced through the nervous system a^d tHelr loci and mechMiisms of aa-^ 
tlon may be discovered. The ultimate outcome pf ^ah research would be 
an underetandlng of the manner In which information becomes coded, 
stored, and "decoded and used In the brains of the donor animals. 



The first of three general quest Ions about the behavioral blMsaay ^ 
phenomanen conaenw Its realty. The behavioral bloaasay ,Mas first used 
In the study of "transf©]^ of learning" In planwlans ^ HaConnBll In 
1962* In 1965 f tht phenomenon was suaoessfully demonstratW at the mam- 
mailim level (PJei^tt^stad, Nlssen, md R^lgawd-Petersen, 19651 Jaaob- 
son, BfLblahp 3ubaaW? ™d Jacobson, 19651 Relhls, 1965l UngM and Oae^era- 
NavarrOg 1965)» Most presently § the methodolo©' has been extended^ 
goldfish (Brmud, I97O1 B^ant, Smtos, ahd Byrrie, 1972 1 FJerdtoj^aft, 
I97O1 Ungar, Gal van, and Ghapouthler, I972f Zlppel and Doj^fcf^gfi?)* Al- 
thou^ the realS^y static of ^the. ^enomenon TOS at first quite question* 
able (as a resiilt of failures to replleate seme of tht earlier work). It 
npw seems SLS thou^ th6 reliability Mid replloablllty **of the phenomenon 
Is firmly established^ At the time of the present TOltlng (Aj^ll, 1973) ■ 
at least thirty-four Indepgndent) laboratories iare reporting pMltlve re- 
sidts« A number of neasssifry adndltlma f or a suaaessf ul 'tehavloral bio- 
assay have only reaently betn IdCTtlfled, It can now be showi that In 
the early failt^es to repllaate, these essentlai aondltlons wroe not met. 
ThuSp the varldus negative results aan be midaratood In twms of the ex- 
perimenters • iWltffe to follow the "realpe" neoessa^ f or a sucoessful -\ 
experiment* Tpe realpe is aomplex beaause It Inoludes not only behavior- 
al variables I but physlologloal md bloohemlbal "wrlables as well * ' 

Optimal v^ues must be seleated for eaah of the following pann^tem 
(a) appropriate Beleetlon of speales and In^vlduais wlthfLn speales, (b) 
assessment of pre-trainlng ^ehavldral preferenafs and response btaLses of 
both donors and real pi en ts, (a) 6#mplete speaifloatlon of fee or^nlsms* 
Internal and external. environments p (d) adequat^ donv tralnlngt V®) *p- 
pro^late time must' elapse following the donor 's^^ last training session 
before saarlflelng, (f) proper bloahemleii extraation ^oaeditteSp (g) 

*13roper dosage of brain extraot must be Injeated Into realplsntS| and ^h) 
appropriate ,post-dnjeatlon testing Intervals mi^t be iisede It may be 
shown that 1^ the early reports ^ of negative results , the exgOTlments fail- 
ed to satisfy one or a number of the crltlcsJ. aondltlons ^s% mentioned 
(e«g, j donors were not trained long enough, brain extraat^^^ were too 
low, testing was dene only once and too seen following Injeatlon, the - 
motivational state of " th^ reolplenta did not matbh that of the donors,'' 

. etc.). For details, the reader Is referred to five exaellent reaent 
summarlM (Adajn, 1971 1 B^mm^ 1970| Fjerdlngstad, 1971t ,Hoffmm, 1971| 
Ungarrl970). ^ . . ■ -.^ 

aioohemlaal Spealfloity \ . . ^ 

' second major question about the biehavloral bioaLssay a on a ems Its^ 
chemical 'speelflaltyg Ungar (1970b) suggests that dlffprmt meleaules 
4re associated with the leading am d memory of dlfferent^asto,^ and that 
tHtese moleeules are probably polypeptides, Unpue reports that the ama- 
tive materials extracted from brains of animals learning dlffereht tasks 
have different properties In terms of their diadysabllltyf partitioning 
In ^ganle solvents p noleculi^ size, syspe*ptlblllty to en^ymlc destruc- 
tion, etci Ungar and his collei^^ a^e not In the process of Identify- 
ing the ajnlno acids and the sequencer of theg% amine aalds In the active 
material from brains of rats aLnd fish trained on different behavlereJL 
tasks suah asi morphine tojerance, soimd habituation, black-^x aveldwieep 
blue-avoidance p ^een^mvoidance, and learning of a new swimming sMll by 
fish, whose buoyajice has been altered, Ungar, Deslderlo, and Parr (1972) 



have already al^fady Identified the sequenae for ths molecule Involved 
In t^e black-Vox^avpldfljice taskp and have. sjmtHeslsed thla^ireleeiAe whleh 
has propertiae (^th ehemleal and behavldril) Identloia td th^a bf the 
natural aubetsnce.' This aubsttoce has b§en narafd ?'aootoi*iobln" (••fear 
of the to*k"J, * Researeh la now In fo'o^ms^ In Uhgar's lab whlah Involves 
testing altered forifis of the moleeule and traelng laotoploally labeled 
foriBB of Scoto^obin through the neryoua system. Bloo^emlcai* teohnlques 
. have ^efn developed which now adlow the deteotlon of. ^mmlT quantities of 
eootbphobln In the brains of ihdl^duaJ. mimalst. Veiy raemtly, a mole- 
cule assocle^ted with soimd habituation has bem Isolated aa^ now awaits 
synthesis. The biochamloal spaclflelty Issue will be tasolved only* when 
a-larga lu^bar of behavlor-llnked molacules have bean sucoessfully s^* 
thesl^ad^ tested In a nrtde vtolety of situations other than that In which 
the donors had been trained, and fomd to selectivaly affect certain ba- 
havlors but not .otheM, Ungar and others are rapidly apfcoaehlng this 
goal, ^ ^ 

Behavioral Specificity - ^ . " ^ ^ 

.The^ftlrd general question concerning the behavioral bloassay phen-- 
J omenon Is Its beha^oral specificity. It Is towards this' aues%lon that 
the ia^eseni work Is dlracted. One "interi^etatloir of the b*avl©ral bio- . 
assay Is that the chemical chimges observed are non-s^clflSw l«e, ^ the 
m^terlaa synthesized In the cowse of leaintf^lSj the same, Ij^ispectlve 
of the *lnf ormatlon acquired,. On this view, the sajne ch ami cal ik produc- 
ed whenever-^my learning occws, r^arCLess of Its nature, and tnfe chem- 
ical does not encode any articular Information, According to this In- 
terF^etatloni recipients Injected with brain extracts from trained donors 
would be expected to leajm &ny trnM more "rapidly i nonspaclflc leaamlng 
and memory ^otfesses would be facilitated. This possibility could not 
be ruled out in the early blpassay Mesl^s in which recipients ware test* 
ad with reinforcenfent (i.e., thay were trained) on the very tasks learn- 
ed, by the donors. At their vary best, such experiments could demonstrate 
^lyHhat learning might be facllit^fctMf the resulti would have no bea^- ^ 
Ing on the problem of specific codlng^f information. 

An alternative hypothesis Is,, thctspeelfic blochemlc^ changes occur 
with different types of leamlngi the blochamlc^ chMges TOCoda specific 
acquired information in. some way. On this view, recipients would evidence 
appro^o^late performance only on the very same task on which *he donors 
were trained, and they^shoiild show ap]^o^late behavior even without re- ' 
Inforcement (l.e,, without training). To adequately test this specificity 
hypothesis, two experimental conditions are necessaiyi (a) tib recipients 
.must be testad without reinforcement, and (b) the recipients should be 
tested on a v^lety of taste differing In their simllaHLty to the task 
on which ^^he doners had been trained. Both of these conations must be 
satlsfrfrW^^tHe nonspeclflclty Inter^etatlon is to be ruled out. Con- 
dition (a) hM been met in seversG. experiments involving nonrelnf oreed 
testing procedures (Braud, 1970 i Pjerdingstad, 1970 | Ungar, Gal van, and ' 
Clark, 1968), Resiats Indicate that recipient animals perform ap^op^l- 
ately to the cues of the situation without benefit of direct training. 
However, one could still argue, in the absirtde of condition (b), that* 
"trained brain" ' extracts might simply result In some sort of "sensitiza- 
tion" of the recipients to a variety of cues. Recipients might over- or 
unc^r-reBpond to' cues and. If ^such behavior happens to match that .acqulr- ^ 



ed hy^ the donOM, It mlkht be erroneously eonaluded that apeelfle inform- 
ation had* heen tranefeCTed, To deaO. with thli l^Mlbllltyp ^'eroas ta^e- 
f ot" stupes are neAed In whiah tielplents are ^tested In. eltmtionB oth- 
er than that In irtiloh the donoM K«e trained. 

\ Vmry few cross trmsf are have been reported to date^ Ungar (1967) 
Was able to show that reclpl^t%^reated with brain extracts from deriora 
habltimted to soimd Showed habltiwtlon to the soimd stimulus ©nlyi thalr 
startle reactlcms to m air-puff wbtb still present* ConvtMelyp mlae 
Injected with material extracted from ta^alns of * air* piff -habituated rats 
Showed habituation only to the air ^ff. Un^ fl970b) has obtelned In- 
teresting results In an ek^rlment Involvlnf crpfa transfer between two^ 
paaalve avoldMce situations. One group donor rats was trained for 
dark avoidance labile another group was traljied for the avoidance of 
step-down from a sm^l platform to a .wider ^Id-floored ttea*, |leetrlc 
shock was ^ used In training both behaviors, . Realplmts of taaln material 
from dark-avoiding donors exhibited "fear of the dark" but their step- 
down latency was unohMiged, ^ Conversely, mlae given (Ktraots of brain 
from donors trained to avoid stepp^g down had a markedly Inoreased step- 
down latency p tait no avoldAce of dajk. Thus, irtille v«y few In nian- 
ber ,^ the extant cross transfer studrfes dfr-3t«ngly suggWt s;^alf laity # „ 
In the ^esentsf oiuf ex^rlments p -^e speelflaltsf Issue Is Investiga- 
ted on a variety of ^menelons and In a more systematic m^nn** First , 
^ooeas specificity Is Investlip^ted* Is the bloeh^roloal transfer effect 
specific to different ^ocesses within the *same tMh, eggt, are a^qulsl- 
HlOn and experimental extlnotlon of some given response transferred Jji- 
dapendently and spealflcally? ^ Second, response spealflalty Is stutted. 
Will real plenty make only the responses the donors have learned, or will 
they exhibit other ^havlers as well?- Stated otherwise, ^at sorts of 
response differentiation and response generalization will be shown by3 
the recipl^tst Here, resists are relerant to the dep^ee of specif laity 
of output cadlng In moleculax termSt Third, stlmulm specif laity will 
be conslde^d. Hare, questions such as the ,f allowing are answaradi how 
closely does recipient behavior exhibit aontrol by the aatui^ stimuli us- 
ed In donor training? what degree of stimulus generalization and dis- 
crimination Is shown In the, recipients' behavior? aan very flne'dls- 
orlmlnatlons be sho*m within the swna (visual) sensory modality (iteo, 
discrimination of ve^ close wavelengths)? Finely, the, task specif 1^- 
ty of the behavioral bloassay phenomeaon Is studied*^ Do realplents per- 
form appropriately only on those taste on which the~dpnois had been train 
ed? What degree of dlsorlmlnatlon and genVr^lzatlo^ will be shown? Do 
recipients show improvement ons^taste very similar to the donors' train- 
ing task and show no Im^ovement^on very dlffermt tasks? 

Methods ^ . 

Experiment li Process Speolflclty of the . Behavioral Bloassay 

In a.,^e^ous pB.pBT (Braud, 1970), It was shown that extracts from 
brains of donors gl^n acquisition training In a two-way active avoldanae 
task significantly IncreaBad the. probability of avoldMce responses In . 
naive ^recipients when the latter were given nonrelnforped test, trials e 
following injection. Similarly, extlnotlon was facilitated In Recipients 
of extracts from brains of extinguished donors. Jwo possible crltlalsms 
'of thkt Mudy arei (a) perhaps the extracts, rather tha^ providing some 
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sort of InfoCTiatlon for the reetplentSp merely faollitated laarnltiK of 
the appreprtaty twlip snd (b) ^rha^ either the f aellltatlon or. Inf otto- 
ation ^^ovlded le jceneral enough' to affeet hehavlor "on taste other than 
the ones ot whleh the appropi'late donors were trained* ^ The first argu* • 
ment may. be dismissed aitioe reelplents wwe tested In the ataenee of' any 
^'reinforaementr thus leMnlngi In any of the usual senses of this teaip 
vas ^ev8nted'» The experlmmt reported here bears on* the seoond orltj,- 
g1si% Evidenoe Is Resented ^hl^h euggests that tealn extrWts affebt 
recipient performimoe seleotlvelyi faollltatlng^ the js-oaeas adtresp^ * 
Ing to that active In the donors , but not faellltatlng an antagonlstlo^ 
proaess# j - * ■ ^ 

Subjeats , The sub jects^ ^ere 120 oommon Comet goldfish, 7«5 ^ 10«0 
em, ln~body len^Hp obtained frpm O^ark Fisheries, Stoutland, Mlssomrl« 
"The fish were maintained in the laboratory for seven days before the 
experiment began f maintenance conditions wwe Identlaai to those dea* 
ci|3.bed by Braud fl970)V Goldfish were chosen as experlmsritai tolmals ^ 
because of their .ufilque advMiti^es In behavlorai and bloahemlaal research 
(BT^ud^ 1970b)^ \^ ^ s 

Apparatus p -The training/testing apparati^ wm a alear plastic 
aquatla shut tle-bojc, equipped with ^epmpletely a^^ast^d stlmulM present- 
ation and fesponse reaordlng /deuces | see Braud((l970) for a derailed 
description of the appajfatus^ The box was programmed so that a fish 
mi^ht terminate or avoid a pulsed 9 ^ do electric shock by swlmmJjrg"^ora 
the light to the di^k compartinent. ^ ^ 

faocadure , 'A ^oup of 2^1- donor fish was given 11 days of svoldanaie 
acquisltioA training in the shuttle box* On eaqli day, 20 training trlalf 

. were administered* A trlii consisted of a^ 12|-«sect ^esentatlon of light 
in the compartment occiipled by the^ flshi then a 12^^sea» simultaneous 
presentation of light plus piiised shock, then a 35-sec, period of darlmess 
and no shock, * Light- and shock-offsets were response-contingent* A 

, second ^otfp -of 24 donor fish was given 11 days of ayoldanae acquisition 
training followed by 7 days of extinction trajnlngi Twenty extlnctlbi> 
trials were given dally, in a ^Lradlgm Identlaal. to that ^ed In acquisi- 
tion training, but with shock omlt"|ed* A third group of 24 donor fish 

^was never exposed to the apparatus Md served as a naive control* Donor 
animals /were sacrificed 20 te* after their last session, their brains were 
quickly removed, and an RNA-proteln extract was pre^^ed by the cold 
Bhenol method* A detailed desarlption -of these physlologlc^J. and bio- 
chemical phases is given by Braud (1970). The lyophlllged extract was 

, concentrated so that a single 40 ul Injection would contain 1*5 brain 
equivalents of material* 

ReQlplents of the three different extracts were tested imder one 
of two different conditions 1 acquisition testing or extinction testing* 
h'qr acquisition testing, 24 recipient fish were randomly assigned to 
three ^oups of eight animals. The animals were in jected intracranlally ^ 
(see Braud, 1970, /1970b) with ^0 ul of either acqulsltlon-tralnedj ex- 
tinction-trained, QT controMdono^ brain material' and were tested 2k ^ 

72,^ and 95' hr* f ollowlnp^n^neGtlon, Testing consisted of 20 daily 
nonrelnf oroed (nonshock) "acqvilsltlan" test trials* Both injection and 
testing were donfi bllnd.^ An "aVoidanca" war^^ahy response OGCurring with- 
in the firc-it 12v nee* ot' ll^^ht presentation, ^ * 

Kor extinction •testing, .?k realplunt fish were assigned randomly to 



three ^oups of eight wilmalet These ^oups *M8re given three days of 
avoidance aoqxilBltlm tralnlrigi -which resid^ted In a twrolnaisftcquleltlon 
level of approximately 65 % eorreot avoldanaes. This IntfCTiedlate 
, training level waa ahosen to allow consldMaU.e roam for both Imfsrova- 
ment depreaslon* of perfOTmwioe. AS may be seen later ^In Flpo'S 2| 
» the three; ^oupe did nqt-?c3iffer In aequlslttorf rate* 'Tw^ty-fOOT hr» 
after the last training session ,^heae reel plehts were Injeoted Intra* 
cranlnlly with .^0 vl of either acqul0ltlOT-tra.lnedp extlnetldn-tralnedp 
'or control donor .brain mat srlal Bnd were tested 2^;- ^8, md 72 hrL fol- 
lowing In jectl oh # * Testing .consisted of 20 dally nonrelnforaed (nonshock) 
"extinction" test trials. An avoidance response was as deflried ab^vs* 
^ Again p both Injection and testing weye done blind* 

Experiment 2% Response Specificity fof the Behavioral BloMsay 

^ This second expOTlment Is concerned with another aspect of the ' 

specificity Issuei respansf specificity. The expwlment was conduo^ed^ 
at the same time as Scperlment 1 and Is presented In the swie Jlgurei 
howevert It will da discussed m a septate experlmpnt In ordOT to facll**" 
Itate communication. At lssu& Is the Importance of the ajilmajl maMng 
a partlcviar response dijring training* When confronted ^th the stimulus 
conditions of Ecperlment 1, most donor anlmaiS leaxn qulcliy and well. 
However p a small number of animals do not make the "correct" (hurdle^^ 
P crossing) response , but rather engage In some "^coxrect" behavldt.such 
as swimming away from the htedle axiA Into the lighted end of ^he compart- 
ments Because of the, 'brevity of the shock psrlodi such Incorrect behav- 
lor^onetheless will be reinforced by shock termination and will be ac- 
quired superstltlously. Such "nonleaOTers" are usually discarded from 
an experiment f but this time they were accmiiated and constituted a 
special donor group. It Is Im^rtant to note thj.t these ajilma^.p we not 
unable to learn (l.e*, they are not "braln-^damaged" In some lAy)! they 
* simply leara something other tha^i the correct response* It can be shown 
that 3ven these anlmgLls are capable of learning the correct response i 
If the shock period is lek^henedp the superstltlously acquired behp^vlor ^ 
will be pimlBhed consistently imd will eventually be replaced by the 
correct hurdle-crossing pattern which Is actually effective In temlna- 
ting and avoiding shock. The Interesting thing about the nonleayner 
group is that It serves As an effectlvei control for a test of the Im- 
portance Qf maldng a particular response In a given fertVlronmenttLl setting. 

Subjects * Subjects were^he same 60 flsh\used In the flr^ phase 
of Experiment l, plus 20 'additional fish* Supplier and maintenance con- 
dition^ were Identical to those reported above, , _ 

Appegatus , The appi^atus waa the same shuttle-box described above* 

Procedi^e , Along wl'th the actul'sltlon and extinction donors train- 
ed In Bxperlment 1| a f^bup of 12 fish wtre given 11 days of -"acquisition" 
. training In the shuttle-box , but these were' fish that did noi l&Bjcn the 
correct response. These nonlaarners were sacrificed' 20 hr, after the 
. last) session and an RKA^^OTOtein extract was ^.epM»ed from' th^lr whole 
brains by means of the coSd phenol methods The resultMt material ¥BM 
concentrated ^o^hat ^0 ul con±alned''^l, 5 brain equivalents, - MaterlidL ) . 
was Injected intracranlally l«to each of elpht\xeelpierttj f ishf which ^ ^ 



Ktre tfstad 72p ant96 hr» after Injeetlon* Testliig conditions, 

■yei^e laantleal to those Tf the\ first ^aae of 'fixperlment i. Both Injee- 
tlen mtf* testing were -done ^llnd. . , ' ■ 

Ksperlment 2i StlmiO,!^ Specif lalt^^ of the Behajglor^ BlQaasay 

Fay iOid MacKinnon (1969) hav^ descr^bed^^tfTichnlqua In which a 
stlmtilys pa^ed with eleptrlc shock comee to elicit a conditioned *reapir 
atory mouth movement In the gdldflshi Buoh moyaments are detected by* a 
sensitive movement transducer amd recorded ,\^a an wipllfler and Ink- 
writ Ing poly^apht Goldfleh have been ehoTO to posses ^cellent color 
vision throu^out' the vle^y. spectrum (Yag.eri 1968)»: Thus, In this 
third expartmpnti classical conditioning techniqu^^wite used i© train 
iMge goldfish to make a purblcular respiratory response (diminution or 
c^satlon of ongoing ^movements) to a stimulus eonsJLsting of^a ^ven 
.wavelength of light, Aftw recalvlng In jectlohs of brain exteact ftom 
.appropriate dolors, recipient fish were tested with the orlg3jial traSjir 
. ing ifavalength (GS) as well as othetf wavelengths (gmarall^at ion teat 
stimuli or GSs) TOj:^lng In* slmllttlty to the OS, A stimulus* specificity 
hypothesis'^ would ^edlct that the generiilMtlon functions *gen«ated by 
tVfi recipients would mimic those of t^ielr^ respective donOT ^oups« 

Subjects » The subjects were 6^ copnon golfiflshf 6-7 Int longf ob- 
tained from Ossurk Fisheries. They wete^Koused In filtered and aerated 
aquaatla and' were given two dally faedlrigs throughout the experiment* 

Apparatus , ^ The apparatus was suitable for .dlffereritlal classic^ 
respiratory conditioning of Individual goldfish* The fish is rastralnad 
between twq cdntoured sponges moimted In a himiess Inside of a linger 
water-filled containpr-Ca rectaJigular glaas ^aquarium 30 x 20 x^lfr cm»)« 
Nylon monofilament thread/connects the fish's lower lip to a Harvard 
Apparatus Model 352 movement tritfisdueer* Output from the transducer ele^ 
ment goes^ to a HarVM*d Model 355 bl^ffpllfleri and then to a Model 350 
electronic recording module to be recorded on a Harvard Model 485 chart 
mover* Stimulus events (OS plus, GS minus, ^and US), were receded by Har- 
vard Model 280 "and Model 293 event mwkers and event/time markers* 
Stimulus events were jnro^amihed by^ a LaJayette Model 5500 programmer- ^ 
timer* The conditional and generalisation stimuli woto five TOvalengths 
ptt'oduced by incandescent la^^ and narrow band flltwsi light Intensity 
was equated for the various hues* The wavelengths chosen ^coCTespon^ed 
to the huasi redf orange, yellow, green, and blue* The unconditloMiJ 
stlmuluB (us) was a 50^msec* duration do electric shocks pulsed at a rate 
of one per sec* , with voltage adjusted for each fish so m to elljClt a 
consistent oessation of respiration (imeon&ltloned resporise or UR)* 
Shock electrodes consisted of wire mesh attached to the long sides, of the 
aquarium* ^ 

^ ftrocedure * A pilot study was conducted first, in order to Inswe 
that the Gondltlonlng ^ocedure was effective in "producing good stimulus 

yn wall nation ^^curves* 'ten flsh^were given 15 differentlii classical coh 
ditloning trifiL^jer day for TOven days In whl'ch one wavelength was con,- 
slntently paired with n-hock and the other wavelength was ^asented In an 
unpairad fafthlon* K'or five Biibjects, the paired wavelength (GS plus) -was 
redf for five subjects^ the HS plus wef. blue. The unpaired stimulus (CS 



minus) If as blue for red^tralned flsh.iuid red f or >lue-tmlned fish* 
training trial Gonslsted of the followtag events i 20 sec, of daxtoiess and . 
"no shookf a 10-s^, ^esentatlon of GS mlnuffi 15 aec* of dailmess and no 
shockf a 10-sec# presentation ,bf CS ^Ivm^f the offtet of which overlapped ' 
a 5-see» shook preBentatlon. Thei shock was pulspd at a rat^' of one .... ^ 

pulse per Bee, Twenty-four hr# aftert the last training sesalon, a , 
' generalisation testing session was given consisting of four non-rein- 
Fv' forced ^esentatlons of each of^flve wayelengthSp the two used In train 
Ing plus three novel ones (oreuige, yelloV, and green)* #Bt'lmulus,dijfatlon 

- ten seconds In eaah base, with an inter-stlmulus Interval of 60 sec ^ * . \* 

^Stimuli wete presented In five "blocks", with fow stimuli of the ssuwe ' /. " 
color presented wtthlrt each blocki -Block OT4er was '^fegidomlsed though - * ' 
use'of a tkhle of rmdom numbers*/ As expectedp? these pllot^lsh exhlh^ 
Ited typloiLar stimulus generalisation^ GS plW, 'v^ r 

least t^ CS*-mlnus, and to the Interrfedlate'^vei ptlmul^ ln|^'^oportlqn. ' i - 
to their slmlfarlty to GS plus guid CS mlnus^^ ^ - ' 

' ' ' In the experiment proper,' one group of ten goldfish was, given ten 
days of classical ^fferentlal con^tlonlrigp as 'deserlhed above, with 
the red light as GS plus, A second group of ten fish recglved .idtotlcal 
training, but with the blue light as CS plus. Ten naive control fish 
reiTialned" in their home tM to and had no experiSnce with the, coi^dltlonlng 
stimuli. Generalisation test triads were not given to^ these groups of ^- ' 

donor f Is^i, Twenty hr» following the last training session , all donor 
fish were sacrificed, their teains remoYed and extracted blochemloally 
for MA and ^ote3^h. Three recipient ^du^ of eight nalya^flsh each ^ 
received: Intraoranial irijectioni (50 iil of aoiutlon for each -fish, each ^ 
containing lf25 br|iln equivalents of material) of either '^red-trained", 
"blue-trained", o^ '•control"- brain extract. The prooed^M invelviat In- 
sacrificing'^ extraction, M^d Injeotlon were Identical to those described 

■ by Braud (1970)," Beginning 2^ hr, erfter inJe6tlon,/sjid continuing for 
four day's, all reel pients were ^ven 20 ^ally generd-lza^tipn test trials^ 
consisting of four nonrelnforced presentations of eaoh'ofr the, flvetest 
stimuli (red, orange | yellow, green, and 'blue ll^ts), as desprlb,^ above. 
Respiratory actl'rtty during each stimulus event was recorded, Injectlpn, 
testing, and reding of the poly^aph rec.ortts were all done In a "blind" • :^ 
fashlonf In order to avoid experimenter bias, ' ""-s. . ' 

E?cperiment ^s^ Task Specificity . of the Behavioral Bioassay 

=, . _ ^ ^ _ , ^ . ^ _ . . . . _ . ^ - - 

A ij^opulaj argiment against the specif Iclty hypothesis of the behav- . / 
Iprai Moassay is that the extracts db not convey specific Information 
In some'coded form biit rather facilitate leading In a very general i non- 

^ specific wayg ^The assumpMon Is that recipients of experimental extracts ; 
0 would le^n any task'jbetter.tthan reblplents oT*'qOTitrol extracts^ In this 
final experiment f ' M attem^€^ was made to determlhe whethw reeiplents of . 

\^^"braln, extracts from donors t^rfned on TasH.jX '%ould indeed lea3^n"*Sasto Y 

and Z sl^lflcantly faster than recipients of control extracts, Thp find- 
Ing that extract X facilitates leartilng of Task^ X-^ttt does not facilitate . 
learning of other tasks woiild provide strong e^dence for a specificity ' 
hypothesis. Also studied wits the*questlon o-f whether i^y task-specific 
effect might ken eralize to very similar tasks, but np^to dissimilar oneSe 

' - / 

S ubje atB, Tho hiil\iect5 were I'jZ common ^oldTinh, in, longo 

. The ,Buppli^r a_nd malntenanne abnditlnns were as described in |bcperiments 

t 



1 and 2, 

j-. * ^ 

ApparatiiB , ' In this final expetiment, use was made of three dif- 
ferent tralnlnf appiu^atuses. The first appejatus was the same shuttle 
box deeoribed In ^periments 1 and 2, The only dlfferenoe was that the ^ 
dangerou^ c©mpartment was sl^alled by eoiored- llg^t and the safe eom- 
partment by a different colored light Instead of whltl ll^t Bn& da^k^^ 
ness*^, respectively, as In Expirlments 1 and 2. T.he seoohd apparatus wm 
a "eolored photobeam escape apparatus"* . This eonsrsted of a reatanpilar 
glass aquarium 30 cm. long, 20 ^m» wide^ and 18 cm* high, with wire mesh 
shock electrodee attached to Its sides, A red photobeajn projeats horls- 
ontaJLly throu^ the water nesjc^ one end of the tankf a^een*.beajn projects 
neajc the other end. Occlusion of the r,ed photobeam by'the fish actlmtes 
^ a.photorelay and associated equlpient to terminate electric shock for a 
JO^sec* ^periods Otherwise, shock Is lojitlnuaily pulsed through the water 
'at the rate ^ of one 50-msec, pul^e per secondi Thus, the fish may escape 
. shock by swimming into the re^ beajn,. which Is randomly switched from end 

tp^end of the tank to jm'everit learning of 4. -position , The third 

; apparatus Was to be an appetitive lever-press apparatus in which the fish 
may obtain food by pressing a sensitive Inertlal switch (Gibbs Manufact-* 
urlng Corporation) centered in fcmt of a red back^oundt Presses on a 
^ similar switch in front of a ^een back^bund agfe recorded but have no 
other effect upon the^envlronment. These^ mmlpulsjijto, along with a solan* 
oldcontrolled food-de^very mechanism, are supported/from the top of a 
30 X 20 X l8 cm* glass aquarium ,^ Responses, wtte j^e^c/orded by event mark- 
ers as were described In ©cperlment 3« 

faocedure . A ^oup of 36 donor fish was given eight days of acqul^ 
feltlon training In the shuttle box as descrlbed^^ln toperlments 1 and ,2^ 
During donor training, swimming from the rad to the pgeen com^irtmenj/ 
would result In termination or avoidance of shock. A p?oup of 36 q^ntrol 
^fish were never exposed to the shuttle apparatus. All fish were s^crlfl* 
ced 20 'hr. following the last training session and the brains were ex- 
tracted for RNA and protein as described above. Thirty naive recipient * 
fish were injected with extrac^ (50 uli r.2 bri»in equimlents) from / 
"shuttle-trained", donors I- thirty recipients received control exteact. 
One third of each grouB was tested, on leM^lng 'of the shuttle task (with 
reinforcement) I one third of each group learoed the "colored j^c^obeam * 
escape task" (with reinforcement)! one third of each^^oup of recipients 
was to leaa^h the lever-^ess appetitive task (with food relnforcenfflnt). 
An important feat lire of this experiment w^as thmt p^JDC%ng recipient testing, 
approaching a red light was associated with the correct response^. Ap.'t hough 
the donors had learned to avoid red, during training, the reqiplent test- 
ing pM^itMgms were; set up so ^ that, approach to red was coriedts ' approach , ■ 
thp red compa^tmef^t in the shuttle-box, approach the red photobeajn in 
the eBcape apparatus, and approach the red lever in the^appeytlvfe sltiia-* 
tlon. Such a negative trans:^r design wi^s used in order to attack the 



task speclfloity hypothesis In still another way.' ' The rionspeclflc,lty 
hypothesis would predict tfttt trained extracts would facilitate any type 
of learning? It should not matter than the^ test learning would be opposite 
that learned by the donorSs Thus, the recipients of drained brain extract 
should do better on all tsLsks than the recipients of control extract. On 
the other handp the sp^^flclty hypothesis would ^edlot that performsmce 
of "trained brain" recipients should be impeded , rather /Ithah facllltatedp 



relative to control reclplento* This Interlerence effect sho'ulci be 
espeplaaiy ^eat on the shuttle test (the very task on whl%h the donors _ 
had been oppositely trained), less draJnatlc on the escape task (not the 
sarne^as^ on which donors had been trained, but sufflcleMly similar to 
ylel J some interference),/ and perha^ less drajnatle still on the appetl- 
tlve^task (more 'dissimilar than the escape task due to Its ap^tltlve, 
rather than averslve,' nature). In cases, training sessions were 
limited to a single 10-mlh. sessloR^'''per day for tteee days, beginning 
48 hr, after Injection, ^ . . 

It turned .out that the appetitive task was Inappropriate f ot use 
In this sort of design. It had been expected that the^sh would leam 
the appetitive response rather quickly, ;irhlle the e^rict wbuld still 
be active .and before extinction to the colored lights would have time to 
deVea<^, This expectancv was not confirmed* Ueaini^g tha lever-io'ess 
task was qult^%lfftfcul't^and time consuming. In fact, It 'was aljmost 
. Impossible (imder these sets of" parameters)^ for the fish to leapn the 
appetitive response without th^ introduction of a cweful shapjiig procedure. 
Since the shaping* procedure had to b^e /taylored to the individual fish 
(thus a ^oor* learner might learn just/ ^11 as |. good learner with 
t appropriately more help from the shaper), ajid slnW the entlra procedure 
consummed so mucly time (days of shaping were necessary, resulting in ^ 
the possibility ^f dlsslpfitron of the transfer- effect as well as the 
possibility of considerable extinction to the relevant .cues),' it was 
decided to abandon the appetitive component of this test. A way out of 
this problem' would have been to pre-shape and/or^e-traln the fish so 
that they had already learned the appetitive chabit at the, time of injec- 
tion. But this .would have eliminated the possibility of measuring the 
effect of the extract on the early .learning process Itself, whlch^,^ after 
all, was what we were really iijtereited In. Thus, li was decided that 
' we substitute a simple color Reference task if or the inappropriate ap- 
petlve one. The photobeam apparatus was used, but this time shock was 
never administered.^ The experlmfnter simply recorded the a|&©uiit of time 
(out of a pbsslble ten minutes) spent by each fish in the red half of 
the tank. This task was dissimilar from the other two tasks to that? 
(a) no aversl^^p stimuli were Introduced, and (b) making the "correct" 
response (staying In the red end of the tank) did not^'* make anything 
happen", (.e.g., shock go off) as was -^e case In the other two tasks. 

Results ' ^ 

Experiment Is faocess Speoifldtty . ^ ^ * ^ ^ / . 

Ferformi^ce of recipients on the acquisition test may be seen Fig- 
oirerl. The probability of ^ avoldajice response during ^qulsltlon ''test- 
^^ng was innreased' by an Injection of brain material from acquisition- _ i ^ 
trained donoro,^bui not by brain material from extinction trained or 
nontrol donors, Beclplents of afcqursition material were significantly 
mtpnrlor to control renipients at the ?M hr, ( Mann -Whitney U " l4, p ^'^ • 
■/^ .03?) and 48 hr. .(U -^7,^ p ^ .003) tests, Thase Bame acquisition re- - 

' clplentG were Gupe^Tor bo pxtinctinn rpolp^ ^-ntn ,at the ?M hr. (U - 1^, 
. p ^ ,01\0 and US Hr, {0 - 11, "n ^ jr\n) hnntR. ^^h^ f^xtinctlon recipients 
d j d n n t d i 1 i'er n i P:n 1 ' '1 n an h 1 y { r n n "no rvl". red rraXiAen h n at a.n y of t h ^ f our 
tnn 1 pnrl in^ ^ • ' * 

" i I'pT f'orwanne of' -rf ^''^ ^^^n K: > on f hf* Fxi. 1 nntirori tf?3t ■na// be Deen 3.n Mi;:v]r^', 
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* • M^ure 1. Medn. percent avoltencR renponses during "acquisition'* ^ 
testing' for Silve recipients injected with eltHer acquisition -trained » 
ftxtlnGtlon-tralned, "nonles^ner'S or naive control donor ^^In material. 
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H ere p the extinGtlon ^ocess was facilitated by /brain m^erlal frum 
extln^lshed dcfhors, but Impeded by materlad frnm acc^ulsity|n-trained 
donorn. bbctinctlon proceeded normally In reciple|its of control extraet. 
The avoidance behavior of acquisition recipients was slgnlJmcantly supers 
lor to that of control recipients at , the 48 hr#' (il ^ 1.3, p|s,025) and • 
7? hr« (U « p ^ •O32) teats. The avoldanGe behavior pf] extinction 
recipients was slgnlf loaiitly inferior to that of oontrol /f sclplants at 
the 24 hr. (U ^ ,003} ajid 48 hr. ( U f 1J\ p ^ ,025 ) tests. Ac- 

quisition^ recipients differed Significantly from extlnc^^ recipients 
at all three tests. 

The findings of these two phases of Experiment 1 rjbpllcate suid ex^ 
tend those reported by Braud (1970), Not only do ac^ ulsltion and ex* 
tlnction processes both "transfer" In some way to reclmeptSp but these 
two processes fall to "cross transfer". Taken togethOT,^the results of 
these two phases strongly suggest process specif Iqityl the acquisition 
extract faollltated acquisition but not extlnctlorii wille the extlnotlon 
extract facilitated extinction but not acquisition. |Thui, it Is not the 
case that the extracts have very general facllltatlrA properties, ^ 

bJxperlment 2i Response gpeclflclty 

The ngpf orman^e of the recipients. Injected with hoxileiumer material 
may be js^n in Fi^re 1, The avoidance behavior of ^rionlta^ner recipients 
did not 'differ from that of control ^fcl pi ents, nor did It differ from 
that of the extinction recipients at imy of the foiu? test ses^ionSi ^Non- 
learner recipient/ performance was' slgnlflcMtly InfOTlor to that of ac- 
quisition recipients at the 24 hr. (U ^'l3p p ^ .025) amd W hr, (U ^ 14, 
P ^ .^032) tests. N ' . ; 

The results of this second experiment suggest response speolfloltyi 
only the fifh that learned to make the hurdle-crossing response were ef- 
fective donor^. Extracts from brains of fish that experienced the same 
stlmulils events but did not make the appropriate response ww^e not effeo- 
' tlve. Besides demonstrating response specificity p' the nonleaxners con- 
stituted a good control p the likes of which is rarely- seen in behavioral 
bloaBsay studies, A naive control Is the crudest 'possible control and-:/ 
does not stllow ajn Investigator , to determine which of the many variables 
to which, /the experlmentai dondr ^oup is exposed ars really responsible 
- , for 'the 'biochemical changes assessed,' This experiment jiae shown that 
learning' of a particular response is Important p apart from any exposure 
to light, shock, the apparatus, et^, (since, all of ' these latter factors 
are equated for the nonlearners ajia the leapiers), Flnailyp the present 
results suggest the possible blochemlcai transfer of the substrate for 
BuperstitlouB behavior in the nonlewner recipients , 

Bkperlment Ji Stimulus Specificity ^ • 

/ Representatlva records Illustrating a, variety of unconditional ajid 
/ conditional respiratory reactions are ]^esented In Figure 3. Panel (a) 
^ illustrates re^Li^arl periodic mouth, movements as they occi^ in the absence 
of exteroceptive stimulation. Panel (b) depicts a UR (marked diminution 
pf mouth movement amplltudf) elfLClted by^a US (electric ^ shock'). Panel v_ 
^ (c) Illustrates a UH to shock, the beglnnln/^Fv cf a HR to OS plus, mnd , 
^either an orientinpC^ 'reaction (OR) or generalized CH to CS minus? this 
record is typical of patternB whlnh occur early in training. In Panel ' 
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' /Figure 3, Rapresentatlve polygraph tracings of Respiratory 
activity In the goldfish. Panel (a) deplets basellnfe a:ctlvity/ 
A UR Is ahown^ In panel (b) / URs , CEs, and either orMntlng 
reactions (OR^) or generalized CRs (OCRs) to CS^mlm^, CRs to GS 
plu6\ and^ URs to USs ^ra shewn in Panel (c) , . Late'^n trainings 
Crs aje well established, wHlle the reactions to CS tnlnus have''' 
disappeared (Panel d) , * \ T, . ' 

■ " ^ ' ' ^ ' ■ 1 o ' - , ■ 



(d), which dccuired late in trainingf the CR to GS plug is now firmly 
establlBhed, the reaction to CS minus has disappeared, and the IB 
evident* The respiratory data were quajitlfled ty coraputlng a percent , 
suppfresslon score for each flshp for each trial , for each;day of train- 
lng« Sunh a score was com^ted by first measuring the smallest ajnpll- 
tude mouth movement during the lO-sec* CS plus and GS mln\;^ IntervflLlSp 
and also during a 10-secg baseline period Immedldtely before the onset 
of CS plus. The percent suppression score was defined as the smallest 
baseline ajnpHtuda minus the smsLllest GS 'amplitude » with that difference 
divided by the baseline amplitude and multiplied, by 100 percent. Separ** . 
ate suppression sdores were com^ted for CS plus .and CS ml^s* The 
mean strppresslon scores for the two GSs, as functions of suooesslve 
training days, Me Resented in Figure 4. . Pauiels (a) and (b), respeotlvely, 

^represent the development of a differential ^condltlonfiQ. response In the 
red-trained ajid blu^tralned pilot subjects* Clearly t tHe conditioning 

- technique Is, effective,^ Learning a OR to the red stimulus ^oceedB slight- 
ly ffiLster than the leaning of a slmllw response 44 the . blue sVlmuljiSt 

' Figure 5 presents the results -of the dlsorlmlnatlon/generallzatlon^ 
tests carried out one« dky follovlng ihe,last day of training* Fish train- 
ed with rfd as thelt CS plus respond most to red, least to bluSi ajid at 
intermediate CTaded levels to the novel (orange, yellow, ffcmSn.) stimuli 
In prropqrtlon^o their similarity to the two training stimuli. The pat- - 
tern Is reversed for^ those f±sh trained with blue as their CS plt^. These 
fish respond most tb blue, least to red, and In a^aded faahlon to the 
novel test stimuli, _kgaln as a function ot ihelr similarity to the blue 

• GS ^ua.. ' ^ * ' 

In Figure 6 ari^^tlotted the performance ciirves for the tAfee recip- 
ient group^^ for the four test days* Biochemical trsjisf er of classical 
conditioning was. not effective in these preparations* Mouth movement- 
suppression was not evldeat in response to any of the ^flve test stimuli* 
The red-trained, blue-trained, and control reclplent^ou^ never dlf- - 
fered significantly from one another at any stimulus or at ajay test day. 
Since classloal conditioning' Itself failed to tr^sfer, no conclusions 
may be drawn from these present data about the stimid.us specif loity of 
reactions that do transfer. f ^ - - ^ 

The reason classical Gondltlonlng failed to transfer in 'this experi- 
ment is unclear." The donors certainly learned sufficiently well* It ^ 
should be noted, however» that we taiow very ll'Uftfe^about the ^optimal 
parameters (the proper recipe) for classical opposed to ihstrumental^, > 
transfers* To. my knowledge,^ no one has been able to chemlcal'ly" transfer 
direct classical condltlorilng to date, (The foregoing staiement refers 

vertebrate wo^kf sev|ral planarlaJi studies have been done In which f 
classical nondltlonlng ^as successfully transferred.) It. may ^ well be that 
dlaBsical conditioning transfers, might require an optimal recipe which 
differs from the^reclpe found to be effective for * instrumental trajisfers* - , 
Modification In variables Buch as dB^Tee of donor training, Extract dos- 
age, pQSt-in/jectlon testlng-.lnterval , etc,, -may well result' In adequate 
clannifial transfers. Such a search for optimal parameters Is^ however, / 
clearly beyond "the J^ope , of this ^ranV proposal, '3ome additional Inform-. 

' at^n on both claBslcal transfer and ' stimulus. fapecSflnlty will be present- ^ 
ed later In thlB report, s , 
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Flgi^e 4. Mean percent suppresslon^pf resplratfton pfroSuBfid *by, 
OS plus and GS minus, relative to /baseline,/ Panel (a) shows ^the; per 
formance \of flve^.f Islfi trained with red ;^lred with shoak and biu^JW 
pair edV Pin '(^) shows the .performance of five fish trained wltM 
blue 'paired with shoek and red unpaired* Fifteen reln#ortfed dlffe^ 
tlal Classical conditioning trials were administered each day. 
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^ je 5» Mean percent' suppression of respiration 
^ffoduced by the five test Btlmifl.1^ relative to "baseline. 
One sroup of if Ive flslt-was trained with red i another ^oup 
^f five' was trained with blue. Test stlipull Inolude "blue, 
green f yrt.low, ofanie, and fed lights, , | 
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TEST STmOLi 

Figure 6m Me^ percent suppression of respiration produced 
by the five test stimuli/, relative to baseline. Nonrelnf orced / 
tests were given 24, 40/ 72, and 96 hr» after injectlpn of recip- 
ients' with red-trained (dotted line), blue-^tralned (dMhed line). 
Or aontrol (solid line) donor brain extracts, ^ 
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Experiment Task Spectflclty - ^ . 

J Braud (197O) has shown that extracts from "brains of donorS' trained 
on shuttle-box ll^ht-avoldance facilitate recipient performance when the 
latter were to^ttd on a similar llght-avoldemce task, BryMtp SiJitos, 
and Byrne (I972)*^and Bryant (1972) ftave shown 'that brain extracts from 
donbrs tralnod on Ughft-avoldance fafellltate llght-avoldMoe learning 
^^tJtffrpede dark-fumldaice leajpnlng In reclplentSp while dark^^oldance 
extracts facilitate dajk-avoldance learning but Impede llgt)^-avoldance. 
The results of the first phase of ^perlment 4 suggest ^hat t3?alnlng 
donors to swim from red to green to avoid and esoapi shock results In ^ 
s Ign If Icawit Interference with ^een to re4 esGape/avolSaJice leaning In 
recipients that received those donor extracts. In Plgiffe 7 are ^esenteS 
the green to red learning curves for recipients of "trained" and control 
extracts (ex^essed aa mean percent avoidances on each of the three test 
days). Experimental reclplentfe (cf oppositely trained donor brain ex- 
tr&tt) are Inferior to central recipients at every .test day , wrd are 
sl^lflcantly inferior at the^72 hr, test (U^ 18, p < ,01)* These dlf-. 
f erencea could not have been due to a general lowering of overall actl* 
vity or general debilitation of the experimental recipients, since there 
was no significant difference between experimental , and control recipients 
at^ any^ of the three test points In terms of a measure of general acti- 
vity (number of hiardle-orosslngs In the absence of wiy stimulation # /I* e, , 
number of InterrtrleO. responses). Thus, task specificity has been^^hownj 
brain extracts facilitate learning ^of Identical or homologous tasks , but 
^ impair learning of ^'opposite" tasks, . 

, Training donors to avoid red In the shuttle-box dnhlblts the ability 
of recipients to learn to ^pgroaoh red in the sajne shuttle-box. Red- 
avoidance donor training also appears to yield a brain extract which 
inhibits red-approach iearnlng even when that learning occurs , not In - 
the original shuttle^box, ^ut In a similar "red photobeajn escape ap^iratus 
, . In Figure' 8 ar'e ^^tted the leBmilng curves, of experimental (red shuttle- 
^|fex compartmeht avoidance trained extract)* ajid cohtrol recipients. Here, 
approach and occlusion of the red photobeMi terminated 'electric shock. 
At the 72 hr, test, the experimental recipients perf om significantly 
less well^ than control recipients m 2^, p < .05), 

Performance of recipients in the^ third p^ase of^ Experiment 4* is shown 
In Flpire 9» It can be seen that all fish display a Reference (in terms 
of total amount' of time spent in that area) for' the greer^ end of the 
oompartment, ^Thls green-preference Is ^eater'ln experlmen"tiiLL reelplentsi 
but not si^lflcantly so. Apparently , the. simHarlty of the' two msks 
'(shuttlei^iox learning ys, color Reference In the at^&ence of shockj^s not 
great enough to ailow the gee en -approach trend to become s'lgnif IcMt • 

It may be concluded from the combined results of the var'lous phases ^ 
B^of Experiment 4 that trained brain extracts do not facilitate learning 
or perfbrmance Indiscriminately, but only in situations Idertlcal or slm- 
llw to the situation encountered by the donors dwoljig original tralnlng» 

(Joncluslons = 

' . ' = 

In the four, experiments reported here, four different sorts of ^ 
specificity were evaluated. Care was taken tb j^epM^e all extracts at 
the same tjme, using the sarne^ extraction ^oc^dures. Since different 
allquots of material from the. same extract samplB were shown to be feffec* 
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Flgijffe 7, Inhibition of green to redUesca^e/avoidanoe 1 
Ing In the shuttle-box In reel^^nts of ^mn extraots from red to 
green trained donors , relative the leaning curve of re^plehts 
of naive control extract* Ten reinforced trials aie given on each 
of the three test days. 
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Flg^tte 8e Inhibition of red .phototeam occ5,uslon ■behavior In 
the shoek-6seape apparatUB at 72 and 96 hr» following Injection of 
experimental (E) recipients, with brain extract from donors trained 
to avoitf-rei In the shuttle-box, relative to^ perf ormajice of recip- 
ients of naive con'trpl (C) brain extract. Data points represent 
mean percent occlusions of the red photobeam which tejrmfli^ted shook. 
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Figure 9» Mmmn time (In eea, (^ut of a pdsslbj^ 600 s8o«jh spent ■ 
In the red Illuminated. half of the eolor prefteenee appLratua ^^y.. 
reolplents of extraet from "brains "otf dan ors trained to ayqid ifed In 
the shuttle-"box (E) and ^^Glplents of nWve oQntrol extract (C)* ' 
Soores loKer than the horlMntal dashed llhe Indloate green preference . 
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tlvo or nqneffMtt^ d« upon the testing >eondltlonB (irtilph^^ 

repporiaei or taak 1b. oonsldeEed), It eaainot te^^e4 that appi^^^'^^peal'* 
flclty was M jrtlf^ct of dlfflrentially effective extract 1 en procedure 
fer different esctrE^ts testad onae ajid only jpnoe In different sltuatiOTfl» 
E^denae was j^eiented 4n support of three distlnet types of specif Ialty» ^ 
It appears that ^extracte prepared from tealns In which one process Cac- 
quisltlbn TO, wtlnctlc«) Is active facjllt^te that iwie ^ocess^ re- 
clients,, 'hit do not fidllltatfe m^g^nlst pafoaesses« Second, It WW 
^shown that It was necesBij^ for tW ^dfi^ make a specif Ic res ^n4f. 

li-^tractB-^^rom^thetr^to^^s-Treri^ 

probability of that response In reclj^ent iilmalSt Third, It waa-lrfipwn , 
that thfe da^p# to which brain extraet^/frofli donors trained on T^fc A 
facilitated learrilng ©X faste B, C, etc. In recipients depended u|io^the 
similarity of the taste J^volyedi antafonistlc behavlora were ImpedeH, 
While Identical or slmllitr behaviors were f icilltated* Due to the. fall- ^ 
ure of the elaselciJ. conditioning task of Scperlment 3; to no 
evaluation of stimulus specificity could b© jnade Iriv aassA ^ 

Forttma^elyi ffthn experlmente. conducted In wfr li^orrt during 
the time perlodf of this ^ant (ali^ouiji met dlr^fcl5prf]^s0red by the 
grant andp- hence, done Independently') strongly iiu^i|it stlmulm specificity 
In three experiments, It was shown that recipients responded tp w 
array of stimuli Ih a manner that mlmia©^ t1i# donors^' response pa^^n. 
Goldfish dohars;'wwe trained 'to ap^pacff elth^ an uprl^t or am Itiverted 
isosceles trlMgla for a food rMntf drear i a third group of donor fish were 
never trained'. Recipients of upElght--trlMgle timlned brain themselves 
iipproached' the upright triangle during nonrelnf orced test trials. Recip- 
ients of Inywted triangle trmlned bg^aln extract chose the Inywted fel- 
angle. Recipients of naive control extract showed no preference for 
either triangle. A report- of these finding la now In press (Braud and 
Hoffman^ 1973) • In a seamd experiment (Braud fuid Bwi,ud, 1972), hooded 
rat reclplentB of brain exiract from trained honors chose a circle else 
ap^oprlate to that which would have been, chosen by the donors | again, 
nonrelnf orced test trials were ijised. , In the third experiment (Braud', 
Kuttner, Glnsburgv Woody, Hoffman, and^Ladrd, 1973),. neonatal tuall don- 
ors were Imprinted to either a red cylinder or a preen aubei recipients 
preferred, followed, tjid emitted fewer ^strass calls In the presence of 
the abject to which tlielr respective donoM had been Imprinted, when the 
recipients were confronted with bpth stlmid^l during rtonrelnf orced test 
trials. Thus, the case for stimulus specificity Is t^lte strong© 

Recently, still another ty^ of process specificity (what might be 
called "motlvatlonail" pfocess specificity) has bem successftdly demon- 
strated in our lab. In this study (Braud, Gal van, bAA Clark, 1973), , 
"tapiln extracts from donor rats given forward conditioning (to establish' 
the^otlvatlonal itate of feM*), backward conditioning (to establish the 
motivational state of\>rellef or relaxation'), or no conditioning (control) 
trliJ.s In a bu^2eq?^shoq1C;r^i^adigm were inject Ihtraperltoneally Into 
three ^pfoups' of naive reolpient mice. The mice were tested for Mioimt 
of licking suppression (a^ Index of emoilonailty) occi^rlflg in the ^es- 
ence of the buzzer. LlcH.ng behavior was facilitated In Backward extract 
recipients but supi^essed In Porw^d extract recipients, relative to 
Gcntrols, Thus, the antatgonlstlc "fear" amd "relief" ^ocesties trans- 
ferred Independently and speGlflcally, This i^adlgm, by the way, Invol- 
ved an Indirectly measured transfer of a classically conditioned effect. 
Pavlovlan 'pairings were used In training the donors g No particular ^^s- 
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ponse was meaaOTed in the donors , am jiad.'befen done In the ease of the' 
direct elassloal eondltlanlng tra^^ of ^pertment 3 reported 

above ,^ Another, ipdi^eot- claaslaa^ coQdttlonlng trMSfer was reaently 
0951^1^*0^^ Laird (1973) • Here, goldfish were shooked In the 

jn^m^Bi bf a hlue llght^^^qp^^etn light); Wt Aever shocked In tM 
^aertp^ of a^een light (WMtfi^^^t^V was a differential 

classle^ conditioning one/'^iiifl&t to '^a^* 3i Wut no 

responses were measiffed dmltfg 'conditioning Its^ - Recipients were . 
given a brief reminder shock associated %dth the d©nqr*^p>^o|ai 

^ then half were trained td avoid blue and half tralnf d t©^^ gceen In 

a shuttle-box^ Controls learned eabh'*t«k equally '^el^V while blue- 

— drained -^ecl^ants^JLeMmdi-^ than they_^ 

leaded to avoid ^eeni .^#eh-tralned extract recipients learfied preen- 
, avoidance faster. j , . 

t Recommen^tlonHI 

The present research X together with other recmtly : competed experl- 
mentSi makes a very strongXcase that the bloehtfml^cal "memory teari^fer" 
experiments really Involve ^a transfer of specltlc Inf ormt^otH ^rather 
* /than some genertil facilitating or Inhabiting, factors M idS&tiih 'titles 
4ft^have supposed. Thus, It Is seen as quite profitable ^at resetechers 
continue to explore these "i^mory .teansfer" or "beha^bril. bjoassay"/^^^^^ 
experlfljents I espf daily In terms of ""t^e , specific blochemlc^ ohMges 
which occur In donor organisms as thy attend. to, lei^n, Bnd remember 
specific tasks. Tt would ap^ar that the general para<Ugm has no great 
behavioral limitations. CbnslderaMe efforts should be expended to * 
elucidate the moleoulM* mechanisms of leirnlng and memoxy (using the 
. behavioral bloassay strata^ as well as others)^© that normally acting- 

. . ^proceBsea ba ^.dst.aoted^. .abnorroalit 

the possible detection and remediation of attentlonai, pwceprfcuei, 
learning, and memo^ disorders in mwtt 
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